Zinc sulfide is a luminescence materials with important application that exist either as a bulk material or in the form of nano crystal. Doped ZnS nanoparticles form a new class of luminescence materials and provide a new physics to control the particles size. This paper concerns detailed structural, spectroscopic and crystal field studies of ZnS nanoparticles, both pure and doped with CO 2+ ions that successfully synthesized at room temperature. Zn1-xCoxS (x =0.00,0.02,0.04,0.06,0.08 and 0.10) was prepared by reverse micelle method using sodium bis(2-ethylhexyl) sulfosuccinate (AOT) as surfactant. The effect of ion doping on the optical characterization, structure and morphology of ZnS:Co 2+ were investigated using ultraviolet-visible (UV-vis) spectroscopy, photoluminesence (PL) spectroscopy, X-ray diffraction (XRD), field-emission scanning electron microscopy (FESEM) and transmission electron microscopy (TEM). EDAX spectra confirmed the incorporation of ion dopants into ZnS crystal structure, and XRD results showed that ZnS:Co2+ nanoparticles crystallized in a zinc blende structure. The particle size of all of samples ranged from 2 nm to 3 nm. In the PL emision, two peaks were observed at 460 and 608nm that a new peak for Co2+ doped ZnS ever reported. The Co 2+ doped ZnS nanoparticles using reverse micelle method showed that there is considerable change in the photoluminescence spectra of the ZnS nanoparticle doped Co 2+ .
INTRODUCTION
ZnS is a wide band-gap semiconductor material (3.7eV) that currently is used commercially as a phosphor [1] . Recently, a branch of research studies has exploded in the area of luminescence characteristics of transition metal ion doped ZnS semiconductor nanoparticles [2] . Most doped ZnS nanoparticles show a blue shift in optical spectra, which results from size quantization confinement [3] . Comprehensive studies have been conducted mainly on the optical properties of doped semiconductor nanoparticles [4, 5] . Doped ZnS semiconductors represent the possibility to form a new class of luminescence material due to the modification of band structure by the formation of dopant levels within the ZnS band gap. During the chemical synthesis, impurity ions occupy the lattice sites and act as a trap site for electrons and holes. When the excited electron occurs, the relaxation of these photo-excited electrons to some surface states is followed by radiative decay, thus allowing luminescence in the visible region. This observation is interesting because it describes a different phenomenon from those of ZnS bulk materials. For doped ZnS nanoparticles, the transformation of physical and chemical properties is dominated by the defect structure of the surface. Therefore, the tunable optical properties may be achieved by judiciously choosing the synthesis method, dopants, and their concentration. In addition, fabricating nanoparticles with a narrow size distribution will increase the surface area to volume ratio, thus increasing the specific chemical reactivity of the material. Various dopants such as Nickel, Ferum, and Manganese have been used to tune the optical properties of ZnS [6] [7] [8] . They have showed luminescence characterization in various regions, thus enhancing the excellent properties of ZnS. However, luminescence properties of Cobalt doped ZnS have rarely been researched. In addition, Co 2+ has an ionic radius of 0.65 Å, which is smaller than that of Zn 2+ (0.74 Å) given the possibility of the Co 2+ ion easily replacing Zn 2+ in the ZnS host lattice.
One of the most important methods of fabricating nanoparticles is through synthesis. A large variety of procedures have been developed for the synthesis of nanoparticles, such as co-precipitation, soft chemical method, sol-gel and solver thermal [9] [10] [11] [12] . Among these various procedures for producing nanoparticles, the reverse micelle method is a considerable promising technique for preparing less agglomerated and more monodisperse nanoparticles [13] . In reverse micelle synthesis, oil is used as a template to restrict H2O nanoreactors as reaction media. Consequently, during the chemical synthesis, excess particle growth can be avoided when it approaches that of an H2O nanodroplet. This technique is an established method of synthesizing and stabilizing size-controlled nanoparticles. Sodium bis(2-ethylhexyl)sulfosuccinate (AOT) is the most commonly used surfactant in metal sulfide-nanoparticle synthesis by the reverse micelle method.
Therefore, this study will examine the synthesis of Co 2+ doped ZnS as a prospective doping material in ZnS nanoparticles. Specifically, this study investigated the luminescence characteristic of nanoparticles Zn1-xCoxS (x =0.00,0.02,0.04,0.06,0.08 and 0.10) using the reverse micelle method. The optical properties, size, morphology, and structure of the resulting particles were investigated.
METHODOLOGY
Synthesis of ZnS:Co 2+ nanoparticles was prepared in H2O/AOT/n-heptane reverse micelle method using precipitation technique. The selected W [(H2O)/(AOT)] in molar ratio values was 7 in all preparation solution. In a typical procedure, reverse micelles that separately enclosed 0.5 M zinc acetate and 0.5 M nickel acetate (2%) were prepared. The two solutions were continuously stirred at 60 °C. Then, another reverse micelle of AOT that entrapped Na2S solution was prepared. Na2S solution was then added drop wise into the Zn 2+ and Co 2+ mixture with continuous stirring at 60 °C for 2 h. The resulting mixture was collected and allowed to stand for one day in an oven at a controlled temperature of 40°C for precipitation. After complete precipitation, the solution was centrifuged at 4000 rpm for 5 min. The precipitates were filtered and sequentially washed several times with ultrapure water and ethanol. Finally, the precipitates were dried in an oven at 40 °C for 8 h to remove H2O, organic capping, and other byproducts formed during the reaction. The same procedure was performed for the remaining four doping concentrations (4%, 6%, 8%, and 10%). The optical absorption spectra of the samples in ultrapure H2O were measured using an AMBDA 35 ultraviolet (UV) spectrometer. Sample characterizations were performed using a NICOLET 6700 Fourier transform infrared (FT-IR) spectrometer. X-ray diffraction (XRD) patterns of the powdered samples were obtained using a D8 advance diffractometer from 20° to 80°. Crystal size was calculated using Scherrer equation (0.9λ)/(βcosθ) at full width at half-maximum (FWHM) of the XRD peaks. Nanoparticle morphology and size particles were determined using a field-emission scanning electron microscopy (FESEM) system (SUPRA 55VP) and transition electron microscopy (TEM) system (CM 12). Fluorescence measurements were performed using a PL SP920 spectrophotometer for optical characterization.
RESULTS AND DISCUSSION
The optical absorption of the samples are given in spectra Figure 1 . The characteristic of absorption edge for undoped and Co 2+ doped ZnS nanoparticles appear in the wavelength range of 240nm-340nm. The absorption edge of the samples exhibit large blueshift compared with bulk ZnS (345 nm). This blue shift due to the quantum confinement effect resulted from the small size of the particles formation [14] . From the figure, undoped ZnS showed two peak of absorption value which presented the formation of two group of particles size. While for Co 2+ doped ZnS nanoparticles, the absorption graft exhibited a single absorption peak with a better narrow size distribution. However for doped ZnS, the absorption intensity vary with the change in the impurity ratio due to the effect of doped ions on the band gap structure. Therefore, particle size control was successful in the reverse micelle system for doped ZnS using AOT as the capping agent. The highest absorption intensity was selected as the optimal value for further analysis. The UV-vis characteristic of absorption peaks can be used to determine the value of the optical band gap of the particles. The relation between absorption coefficients (α) and incident photon energy (hʋ) can be written as [15] .
Where A is a constant and Eg is the band gap of the material and the exponent n depends on the type of the transition. The value of "n" are 1/2, 2, 2/3 and 3, and these values corresponded with allowed direct, allowed indirect, forbidden direct and forbidden indirect transition, respectively. The transition value of undoped and Co 2+ doped ZnS nanoparticles sample, is same as in the bulk sample. Then, the direct bandgap with n=1/2 was obtained by extrapolating the straight portion of the plot of (αhʋ) 2 versus hʋ on hʋ axis at α = 0 as showed in Figure 2 . In this sample, we chose to calculate the highest intensity of UV-vis absorption values for Co 2+ doped ZnS. The values of optical band gap are 4.90 eV for undoped ZnS and 4.20 eV for 6% Co 2+ doped ZnS. The changing in band gap value suggested that the occurrence of strong hybridization of s-p (in the ZnS host) and d (in the impurity) states [16] . From the bandgap value, the particles size was calculated using the theoretical effective mass approximation model formula [17] . The grain size of undoped and ZnS:Co(6%) was ~ 3 nm, which was within the quantum confinement region. XRD pattern of the samples are showed in Figure 3 with no characteristic of impurity was observed. Three diffraction peaks at 2θ corresponding to reflections from (1 1 1), (2 2 0) and (3 1 1) planes of the cubic zinc blende phase and well matched with the standard cubic ZnS (JPSDS No. 05-0566). The broadening of XRD pattern indicated the nanocrystalline nature of the sample with slightly decrease in the intensity peak of Co 2+ doped ZnS sample. The lattice contraction was believed to happen during the substitution of Co 2+ ion with Zn 2+ ion due to the differences in ionic radii. From the XRD pattern, the average crystallize size were determined using the Debye Scherer formula [18] .
Where D is the mean grain size, k is the constant shape factor (~1), λ is the wavelength of incident X-ray (1.54056 Å), β is the diffraction peak's FWHM and θ is the Bragg's angle. The average crystallite sizes (D) was calculated by using the Eq.(2) from the most intense peak and tabulated in Table 1 . ) shows the FESEM image and EDAX spectra of ZnS:Co(6%) respectively. FESEM and EDAX spectra of ZnS:Co(6%) nanoparticles has been published [19] . From the FESEM image , the formation of Co 2+ doped ZnS nanoparticles is clearly observed. However, the actual size of nanoparticle cannot be measured due to the limitation in the resolution of the FESEM instrument. The EDAX spectrum confirmed the present of Co 2+ ion in a ZnS nanoparticles structure. Therefore, the use of TEM instrument is necessary to obtain the particles size. Figures 5(a) and 5(b) shows the TEM image of ZnS and ZnS:Co(6%) with the mean particle size obtained from the TEM analysis are summarize in Table 1 . Different group of researcher have study the PL characteristic of Co 2+ doped ZnS. Previously, Sarkar et al. [20] reported that the PL emission intensity of ZnS:Co is ∼35 times greater than that of undoped ZnS at the same peak. Poornaprakash et al. [21] also reported that PL intensity is enhanced using Co 2+ ion as dopant at the same peak of undoped ZnS. Yang et al. [22] reported that the emission wavelength is similar to that of ZnS, but the fluorescence intensity of Co 2+ -doped ZnS is enhanced five times greater than that of ZnS. However, Wensheng et al. [23] reported that Co 2+ -doped ZnS showed the same emission as Mn 2+ -doped ZnS with the emission peak of Co 2+ -doped ZnS nanoparticles occurred at 430 and 572 nm. Therefore, these researchers supported the probability of Co 2+ -doped ZnS appearing in the orange emission region. According to the presented results, Co 2+ acted as a sensitizing agent in appropriate doping ratio. The fluorescence efficiency of the Co-doped ZnS samples are better than undoped ZnS due to the enhancement of the radiative recombination process. The optical absorption of undoped and different ratio of Co 2+ doped ZnS nanoparticles have been analyzed. Figure 6 shows an identical PL spectra for all samples of Co 2+ doped ZnS, at a 310 nm excitation wavelength. It is observed that all samples emitted a blue emission band centered at 400 nm with different intensity . The relative intensities of each of these bands varied with the change in doping ratio. As the Co 2+ ratio increased up to x = 0.06, the PL intensity dramatically decreased. The different in PL intensity were mainly due to concentration quenching that attributed to the energy migration between the Co 2+ pairs. Therefore, it is notable that the concentration quenching has been mainly attributed to the migration of the excitation energy between Co 2+ ion pairs in the case of Co 2+ doping. However, only Co 2+ doped ZnS samples showed emission at visible region with multiple peaks at 440nm, 460nm and 608nm. The presence of multiple peaks indicated the involvement of different PL centers in the radiation process. Interestingly, the characteristic of orange emission center of Co 2+ ion doped ZnS was something new. Our results showed the appearance of an emission peak at a longer wavelength, which provided a new finding for the luminescence center of Co 2+ -doped ZnS. Therefore, in reverse micelle synthesis, the incorporation of ion Co 2+ have attributed to modification coordination of Co 2+ in ZnS nanoparticles. This finding revealed that particle growth was controlled by the entire reverse micelle system. Therefore, PL spectra provided an excellence method of studying the formation of Co 2+ doped ZnS nanoparticles during chemical synthesis.
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CONCLUSION
Co 2+ doped ZnS has been successfully synthesized using reverse micelle method. The average particle size of the samples ranges from 2.5 nm to 3.5 nm, which indicated the strong quantum size effect. The PL spectra of samples showed that Co 2+ ion exhibited different degrees of incorporation into the ZnS host structure. The particles exhibited the characteristic orange emission (608 nm) which provide a new finding for ZnS emission spectra. Therefore, the enhancement of fluorescence efficiency in Co 2+ doped ZnS nanoparticle is very important in the research of luminescence materials. Thus, PL spectra provided an excellence method of studying the formation of Co 2+ doped ZnS nanoparticles during chemical synthesis.
